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Abstract. Porphyry ore deposits are the source of much of the copper, molybdenum, gold and silver. Porphyry hydro-
thermal systems typically form in magmatic arcs above subduction zones. In this article, some key factors that may
be involved in the formation of the Pishtene porphyry deposit in Western Srednogorie are outlined. The first process
is the generation of magma in sub-arc mantle and enrichment of metals, water and other fluids. Next stage is a cyclic
crystal fractionation in deep crustal magma chamber. There are a lot of other factors, such as a sulphide saturation,
metal partitioning, precipitation of ore minerals, magmatic-hydrothermal evolution, erosional and weathering pro-

cesses, but they are not discussed in this study.

Keywords: porphyry deposits, amphibole fractionation, deep crustal hot zone.

Introduction

Porphyry deposits are generated in oceanic or con-
tinental arcs above subduction zones. As the oce-
anic plate subducts, the increasing pressure releases
water from the sediments, and hydrous minerals
in the oceanic plate start to break down. Fluids are
released into the overlying mantle wedge causing
melting. The generated magmas migrate upwards
into the crust and form plutons or erupt at the sur-
face to form volcanic rocks. Somewhere along the
way, some of these magmas are transformed and
become capable of generating porphyry ore depos-
its (e.g. Wilkinson, 2013). Porphyry deposits form
at several kilometers depth in the crust and are asso-
ciated with subvolcanic shallow intrusions (Heden-
quist et al., 1994). These intrusions and associated
ore-forming fluids are thought to be released from
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an underlying magma chamber. The fluids derive
metals from the magma (Shinohara et al., 1995) or
leach them from the surrounding rocks. The fluids
then migrate upwards and outwards, resulting in the
precipitation of metal sulphides. In this research,
some key stages in eventually formation of Pishtene
porphyry system in Western Srednogorie are high-
lighted.

Geology background

Western Srednogorie magmatic region is a part of
the so called “Srednogorie volcano-intrusive zone”
(Dabovski et al., 2008) with Upper Cretaceous age,
assigned later to the Apuseni-Banat-Timok-Sredno-
gorie matallogenic zone (Popov et al., 2002). Ac-
cording to the adopted from Dabovski et al. (2008)
stratigraphic subdivision the studied volcanic center
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and ore deposit correspond to the formation of the
Lower volcanogenic-sedimentary unit.

The metallogenic characteristics of the Western
Srednogorie are defined by diverse ore deposits
and ore occurrences related to the Late Cretaceous
magmatism. Spatially and possibly genetically, the
Pishtene porphyry-copper deposit associates with
Pishtene paleovolcanic structure (Velev, 2017).
The volcanic edifice represents a composite and
stratified paleovolcanoe. It is built of volcanic
vent structures (necks), lava flows, pyroclastic and
epiclastic deposits and dykes. The composition of
volcanic products are trachybasalts to basaltic tra-
chyandesites. Hydrothermal alterations in the area
are presented by argillic, advanced argillic, quartz-
sericitic and propylitic types. Among the pyroclastic

rocks (agglomerate tuffs) are identified several xe-
nolithic fragments of intrusive, cumulative igneous
rocks. The xenoliths are classified as cumulative
pyroxenites, hornblendites and gabbros (Fig. 1).
The cumulative xenoliths suggest magma genera-
tion and subsequent differentiation in magma cham-
ber, that took place in lower crust levels (Fig. 1), the
region known as MASH-zone (Hildreth, Moorbath,
1988) or deep crustal hot zone (Annen et al., 2006).

Mantle origin of magmas in the Pishtene
ore deposit

Volcanic rocks that build the Pishtene paleovolcanic
structure have mantle-crust characteristics (Velev,
2017). These signatures can be attributed to crustal

Crustal chambers

Hydrous magnesium
basalts

Fluid transfer
to mantle wedge

Upper crust

Mantle wedge

Fig. 1. Subduction zone setting for the formation of porphyry ore deposits in Western Srednogorie (modified after Richard, 2003).
Dehydration of the subducting oceanic crust leads to hydration of the overlying mantle. Partial melting occurs when this hydrated
product is convected into astenospheric mantle wedge. Hydrous basaltic melts intrude the overlying lithosphere and pool at the
base of the crust, where they fractionate and interact with the crustal materials (Deep Crustal Hot Zone). More evolved, less dense
magmas rise to upper crustal levels and can form porphyry deposits.
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contamination and/or addition of subduction mate-
rials. Subduction components, in turn, can take the
form of (1) fluids, derived from the dehydration of
altered oceanic crust (Tatsumi et al., 1986) or from
subducted sediments (Ryan et al., 1995) or (2) par-
tial melts of subducted sediments or oceanic crust
(Hawkesworth et al., 1997). Subduction related flu-
ids are enriched in non-conservative elements such as
Ba, Rb, Sr, Pb and U (Hawkesworth, 1990) and rela-
tively depleted in the less mobile elements in aque-
ous fluids Th, Nb, Ta, Hf, Ti and REE (Kessel et al.,
2005). Pattern diagrams Th-Ba/Th and Ba/La-Th/Yb
provide data to suggest that in the genesis of rocks,
both sedimentary melts and fluids are involved (Vel-
ev, 2017). The influence of fluids is substantial in the
formation of cumulative rocks varieties of the Pish-
tene paleovolcanic centre. Velev (2017) determined
the water content in magmas that form the Pishtene
volcanic suite. The highest water contents are shown
by cumulative hornblendites (8.4-9.4 wt %). Water
concentration for cumulative pyroxenites ranges from
5.9 to 6.8 wt %, and for cumulative gabbros — 4.9 to
6.9 wt %. High magmatic water content is a prerequi-
site for the formation of magmatic-hydrothermal ore
deposits; thus, this parameter can be used to evaluate
the prospectivity of arc magmatic suite. To clarify
the geochemical criteria revealing the characteristics
of mantle melting above subduction zone has been
used the concentrations of some major and trace ele-
ments normalized to FMM (Fertile MORB Mantle)
(Pearce, Parkinson, 1993). Such a relationship in the
normalized element spectra corresponds to a low to
moderate degree of melting (around 5%) of enriched
FMM compared to modeled spectra by Pearce and
Parkinson (1993).

Magmas in the deep crust

The melts produced in the mantle wedge are high-
alumina hydrous basalts. Interaction of these melts
with the continental crust produces more silica-rich
andesitic to dacitic magmas, that form porphyry de-
posits and built arc volcanoes. This interaction oc-
curs in so called hot zones in the lower crust (Fig. 1)
of the overriding plate, where underplating and/or
intrusion of basaltic melts take place. In these zones,
melting and assimilation of lower crustal rocks and
differentiation of the magmas by fractional crystal-
lization produce more silica-rich compositions (An-
nen et al., 2006). Further modifications to magma
composition may occur on ascent but is thought that
baselevel geochemical signature is established pri-
marily in this zone, and it is possibly here that the
fertility of magmas that go on to form porphyry de-
posits is established (Wilkinson, 2013). One of the
distinctive characteristics of magmas that are asso-
ciated with porphyry ore deposits is that they are en-

riched in specific elements, in particular displaying
an unusually high Sr/Y ration. The volcanic rocks
from the Pishtene ore deposit display relatively high
St/Y ratios (35-52). This chemistry has several pro-
posed origins, but one model is that it is result of the
crystallization of hornblende + garnet from water-
rich magmas in the deep or mid-crust (Chiaradia et
al., 2012). In studied area the cumulate hornblend-
ites are clear evidence for amphibole fractionation
in a deep crust levels, around 28-30 km (Velev,
2017). The cyclic replenishment of long-lived, deep
crustal chambers by mantle-derived basalts has
been suggested as a mechanism for growing up the
content of volatiles and metals during amphibole
fractionation (Loucks, 2012). This potentially gen-
erates fertile magmas that can migrate to shallower
crustal levels and generate ore deposits.

Concluding remarks and implications
for exploration

The generation of porphyry deposits cannot be
viewed in isolation from the tectono-magmatic ori-
gins of their source magmas. In this paper a review
has been conducted of the current state of under-
standing of some processes that related magmatism
in subduction arc systems, and I have shown that
the emplacement of potential porphyry Cu-forming
magmas can be understood within the context of
these processes. The first process is the generation of
magma in sub-arc mantle and enrichment of metals,
water and other fluids. Next stage is cyclic crystal
fractionation in deep crustal magma chamber. There
are a lot of other factors, such a sulphide saturation,
metal partitioning, precipitation of ore minerals,
magmatic-hydrothermal evolution, erosional and
weathering processes, but these factors fall outside
the scope of this paper. This study helps to constrain
the heterogeneous distribution of porphyry deposits
in time and space. Some magma chambers are pre-
disposed to form ore. If predispositions of specific
regions in a magmatic arc to form large porphyry
deposits can be identified we can significantly nar-
row down the targeting for belts within the Earth
that are likely to have experienced a high degree of
mineralization. Theoretically it is possible to iden-
tify geochemical tracers of the process or processes
that have enriched a certain arc segment in metals,
sulphur and water. Exploration companies would
then be able to identify prospective parts of the
Earth’s crust more rapidly, therefore lowering both
the economic and environmental cost.
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